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DEVICE AND METHOD FOR
CONTROLLING ATM TRAFFIC

This i1nvention relates to an Asynchronous Transfer
Mode (ATM) traffic controlling apparatus and an ATM
tratfic controlling method for controlling a tratfic of multi-
plexed multimedia information such as sound, data, image,
and so on, which 1s transmitted 1n asynchronous transfer
mode.

BACKGROUND ART

The ATM has become the focal point of attention as the
mainstream technology for a wide area Integrated Service
Digital Network or ISDN.

] for ATM.

FIG. 28 shows the structure of a cell used

A cell 2801 to be used for ATM, a cell header 2802 which

contains controlling information of cell 2801, and cell
information 2803 having data information and sound infor-
mation of cell 2801 are shown 1n FIG. 28. For ATM, any
information 1n cell information 2803, such as sound, data,
image, facsimile, etc., 1s partitioned into a fixed length 1n cell
information 2803. The cell mmformation 2803 1s provided
with cell header 2802 which contains logical channel
(Virtual Call Indicator (VCI)) information, etc., required for
switching cell 2801. The cell header and the cell information
form the cell 2801. This cell 2801 format enables 1ntegrated
transmission. Particularly, for a private in-house
communication, where sound communication and inter-
local area network (LAN) communication are the typical
form of data communication, it 1s expected that the integra-
fion of this traffic and the ATM technology will help con-
struct a more efficient transmission network than ever
betore.

FIG. 29 shows an example of the network configuration
of sound/data integrated network using ATM.

In FIG. 29, an ATM multiplexed transmitter 2901, an
ATM switched network 2902, a data ATM terminal 2903 for
setting data connection and sending data cells, a sound ATM
terminal 2904 for setting sound connection and sending
sound cells, a private data trathc ATM line 2905, a private
sound traffic ATM line 2906, a wide area ATM line 2907 for
connecting ATM multiplexed transmitter 2901 and ATM
switched network 2902, a data trafic ATM line terminating
unit 2908, provided in ATM multiplexed transmitter 2901, to
be connected to data ATM terminal 2903 via private data
tratfic ATM line 2905, a sound traffic ATM line terminating
unit 2909, provided in ATM multiplexed transmitter 2901, to
be connected to sound ATM terminal 2904 via private sound
tratfic ATM line 2906, and a multiplexed transmitting unit
2910 provided mm ATM multiplexed transmitter 2901 are
illustrated.

Next, the operation 1s explained.

In ATM multiplexed transmitter 2901, a cell received by
data-system AIM line terminating unit 2908 and a cell
received by sound-system AITM line terminating unit 2909

are multiplexed by multiplexed transmitting unit 2910, and
sent to wide area ATM line 2907.

An efficient use of wide areca ATM line 2907, shown 1n
FIG. 29 1s required for in-house communication. Because
about 50 percent of sound communication 1s normally
soundless, sound ATM terminal 2904 transmits sound infor-
mation (hereinafter called a sound cell) consisting of only
sound by private sound traffic ATM line 2906 at every cell
forming cycle (a cycle being a time period during which
sound is transformed into a cell), and tries not to transmit
soundless portion so as to 1ncrease line efficiency.
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Meanwhile, because real-time 1s generally 1n higher
demand 1n sound communication than i1n data
communication, ATM multiplexed transmitter 2901 gives
preference to sending sound cells transmitted by sound ATM

terminal 2904 to wide arca ATM line 2907. The data
information (hereinafter a data cell) transmitted by data
ATM terminal 2903 1s transmitted to wide area ATM line
2907 using 1dle time during which no sound cell to be sent
eX1sts.

A method of realizing the conventional multiplexed trans-
mitting unit 2910 for sound and data multiplexed transmis-
sion 1n ATM 1s set forth 1n Analysis and Engineering of A
Voice/Data Packet Multiplexer of IEEE Transaction of Com-
munication Vol.41 No. 11, pages 1656 to 1667.

FIG. 30 shows a configuration of the conventional mul-
tiplexed transmitting unit 2910, where, a sound/data 1denti-
fying unit 3001 for identifying whether a received cell 1s
sound or data, a data cell transmitting buifer 3002 for storing
data cells for transmission, a sound cell transmitting buifer
3003 for storing sound cells for transmission, a transmitting,
circuit 3004 for transmitting sound or data cells, a recerving

circuit 3005 for receiving sound or data cells, and a receiv-
ing bufler 3006 for storing sound or data cells received by
receiving circuit 3005 are depicted.

The operation 1s explained next.

In FIG. 30, sound/data identifying unit 3001 identifies
whether or not a cell 1s a sound cell or a data cell upon its
arrival from data tratfic ATM line terminating unit 2908 or
sound traffic ATM line terminating unit 2909. A sound cell
1s stored 1n sound cell transmitting buffer 3003 and a data
cell 1s stored 1n data cell transmitting buifer 3002.

Then, transmitting circuit 3004 reads the sound cell from
sound cell transmitting bufifer 3003 and transmits 1into wide
arca ATM line 2907. If no sound cell 1s stored in transmitting,
buffer 3003 and the data cells are stored in data cell
transmitting buifer 3002, the data cells are read and trans-
mitted into wide area ATM line.

Meanwhile, cells arriving from other terminals by way of
wide arca ATM line 2907 are received by receiving circuit
3005 and stored 1n receiving buifer 3006, and then trans-
mitted to data trafic ATM line terminating unit 2908 or
sound traffic ATM line terminating unit 2909. Sound and
data multiplexed transmission 1s realized in this way by
oving preferential transmission to sound cells using sepa-
rated buffers.

However, when the volume of traffic of sound cells grows
heavy, the probability for data cells being kept waiting in the
data cell transmitting buffer increases, which may result in
bufler overflow destroying, part of cells 1f the capacity of the
data cell transmitting buffer 1s insufficient. On the other
hand, i order to suppress the cell disposal rate within an
appropriate range in an event of buifer overtlow, a large
capacity 1s required for the data cell transmitting buffer.

For the application of ATM to a wide area network data
communication such as mter-LAN communication, it 1S
recently become known that communication efficiency gets
degraded significantly 1f the cell disposal rate could not be
suppressed. ABR Service Class Quality Assessment by the
National Convention for Electronics Information Commu-
nication Academy SB-10-5 in 1996, presented with an
cffective measure using a data terminal capable of adjusting
a transmission rate depending on the network load.

FIG. 31 1s a diagram showing an adjustment sequence of

the transmission rate. It shows the transmission sequence of
data ATM terminal 29034 1in normal mode.

FIG. 32 shows an adjustment sequence of the transmis-
sion rate for data ATM terminal 29034 1n abnormal mode.
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FIG. 33 shows the structure of a data traffic control cell
(heremafter an RM cell) format for controlling the data
tratfic indicated 1n sequences of FIGS. 31 and 32.

In FIG. 33, a cell 3301, a header 3302 mndicating the RM
cell, information 3303 of cell 3301, and a transfer rate
specifled value 3304 included in information 3303 are
illustrated.

How to adjust the transmission rate 1s discussed below
with reference to FIG. 31.

Data ATM terminal 2903a on the transmitting side 1s
assumed to have a predetermined number of times (Nrm—-1).
Nrm 1indicates the ratio of transmitting RM cells, e.g., the
number of cells per RM 1nterval. Each time the predeter-

mined number of times (Nrm-1) of data cells are
transmitted, an RM cell (called a forward RM cell) is

transmitted once. Data ATM terminal 2903b on the receiving
side returns a RM cell (called a backward RM cell) to data

ATM terminal 29034 on the transmitting side. The backward
RM cell contains transter rate speciiied value 3304 indicated

as the valid transmission rate by data ATM terminal 29034
shown 1n FIG. 33.

In FIG. 31, cycle Td 1s a cycle to change the transmission
rate of data ATM terminal 29034. Because cycle Td depends
on the ratio Nrm for transmitting the RM cells, cycle Td
dynamically changes with the changes 1 the transmission
rate.

In returning the backward RM cell, data ATM terminal
2903b on the recerving side sets a transfer rate that can be
processed by 1ts own as transfer rate specified value 3304
shown 1n FIG. 33. When the backward RM cell 1s returned
to data ATM terminal 29034 on the transmitting side via
ATM multiplexed transmitter 2901 or ATM switched net-
work 2902, if the set transfer rate specified value 3304
exceeds the transfer rate that can be processed by ATM
multiplexed transmitter 2901 or ATM switched network
2902, the ATM multiplexed transmitter 2901 or ATM
switched network 2902 hereinafter the ATM multiplexed
transmitter 2901 or ATM switched network 2902 may be
referred to as the node) resets transfer rate specified value
3304 of the RM cell to the transfer rate that can be processed
by its own, and relays.

When the backward RM cell has arrived at the transmit-
fing side, the minimum transfer rate that can be processed by
the nodes provided for the route through which the cell
passes 15 designated as transfer rate speciiied value 3304. In
other words, for transfer rate specified value 3304 of the RM
cells, the transfer rate that can be processed by a bottleneck
node of the route 1s specified. Upon reception of the back-
ward RM cell, data ATM terminal 29034 adjusts the cell
transmission 1nterval according to the transfer rate specified
value 3304 of the received cell, and continues transmission.

The transfer controlling which dynamically follows up the
networking condition 1s thereby realized.

FIG. 32 shows an adjustment sequence when the back-
ward RM cell would not be sent to the transmitting side for
some reason. In such a case, if the backward RM cell cannot
be received even when data ATM terminal 29034 sends the
forward RM cell based on the designated number of times
(heremafter Crm. Crm means the number of outstanding
forward RM cells allowed before cutoff.), the cell 1s trans-
mitted by lowering transmission rate. That 1s, when the
backward RM cell cannot be received, the transmission rate
1s automatically suppressed judging that network congestion
has occurred. This mechanism thus automatically suppresses
congestion.

Such method for data ATM terminal 2903 of controlling,
the transmission rate allows the adjustment of the transfer
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rate according to the networking condition. ATM multi-
plexed transmitter 2901 or ATM switched network 2902 can
prevent congestion without requiring a large bulfer.
However, 1n order for this mechanism to work, the nodes of
the network, namely, ATM multiplexed transmitter 2901 or
ATM switched network 2902 must be able to grasp the
transfer rate they can handle, and specity the rate to the
transmission terminals. Although an accurate controlling is

required for an 1n-house communication network, for which
the efficient use of wide area ATM line 2907 1s vital, there

were no clffective measures.

The conventional ATM multiplexed transmitter has a
problem of requiring a large bufler for suppressing the
disposal rate of data cells, because sound cells were trans-
mitted 1n preference to data cells i the conventional art of
sound and data multiplexed transmission.

In addition, the data terminal on the transmitting side
lacks an ATM ftraffic controlling unit for adjusting the
transmission rate, so as to make the nodes, such as the ATM
multiplexed transmitter or the ATM switched network, tailor
the transmission rate that they can process.

This invention aims at overcoming above-mentioned
problems. It aims at realizing an AIM traffic controlling
apparatus and an ATM trafhic controlling method for keeping,
the disposal rate of data cells within an appropriate range
when ftraffic from data terminals grows heavy, without
requiring a large buifler.

SUMMARY OF THE INVENTION

The ATM traffic controlling apparatus of this invention 1s
characterized by an ATM ftratfic controlling apparatus, incor-
porated 1n an ATM multiplexed transmitter, for accommo-
dating a plurality of sound connections for transferring
sound information using sound cells among sound ATM
terminals and a data connection for transferring data mfor-
mation to be communicated among data ATM terminals
using data cells and data traffic controlling cells (hereinafter
RM cells) in an ATM line may comprise a transmission rate
determining unit for monitoring an arriving condition of the
sound cells for the plurality of sound connections being sent
from sound ATM terminals at a determined cycle, for
predicting a number of sound cells to be arriving at a next
cycle and for determining a transmission rate of a data
traffic; and a transmission rate changing unit for receiving
the data traffic controlling cells from the ATM line, for
setting the transmission rate to the data traffic controlling

cells, and for transmitting to the data ATM terminal.

The ATM traffic controlling apparatus of this invention 1s

characterized by the ATM ftraffic controlhng apparatus which
may comprise a transmitting buifer for receiving the data
cells from the data ATM terminal and the sound cells from
the sound ATM terminals, and for storing the cells, a
transmitting circuit for transmitting the cells from the trans-
mitting buffer, a rate calculation circuit for obtaining a
prediction coefficient based on the number of sound con-
nections connected simultaneously, and for calculating a
transferable rate based on the prediction coefficient and the
number of sound cells to be arriving, an RM cell processing
circuit for processing the RM cells including a transfer rate
specified value which specifies a transfer rate for the data
ATM terminal on a transmitting side, a recewmg circuit for
receiving the cells, and a receiving bulfer for stormg
received data cells, and wherein the RM cell processing
circuit may replace the transfer rate specified value 1n the
RM cells with the transferable rate from the rate calculation
circuit when the transferable rate from the rate calculation
circuit 1s smaller than the transfer rate specified value 1n the

RM cell.
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The ATM tratfic controlling apparatus of this invention 1s
characterized by the ATM ftraffic controlling apparatus,
wherein the rate calculation circuit may judge whether the
sound cells are used as a sound band data, monitor the
arriving condition, respectively for the sound cells having
the sound information and for the sound cells of the sound
band data, predict the number of sound cells to be arriving,
at the next cycle based on a monitored result, and may
determine the transmission rate of the data traffic.

The ATM tratfic controlling apparatus of this invention 1s
characterized by the ATM ftraffic controlling apparatus which
may comprise a transmitting buifer for storing the data cells
from the data ATM terminal and sound cells from the sound
ATM terminals, a transmitting circuit for transmitting the
cells from the transmitting buifer, a signaling monitor circuit
for monitoring a signaling information, and for providing
the number of sound connections (hereinafter called the
number of simultaneous connections) connected simulta-
neously based on the signaling information, a rate calcula-
fion circuit for obtaining a prediction coetficient based on the
number of simultaneous connections, and calculating a
transferable rate based on the prediction coefficient and the
number of sound cells to be arriving, a RM cell processing
circuit for processing the RM cells including a transfer rate
speciflied value for specilying a transfer rate to the data ATM
terminals on a transmitting side, a receiving circuit for
receiving the cells, and a receiving buffer for storing
received data cells.

The ATM trafhic controlling apparatus of this invention 1s
characterized by the ATM ftraffic controlling apparatus,
wherein the rate calculation circuit may predict the arriving,
condition of the sound cells at the next cycle based on the
number of simultaneous connections, when the number of
simultaneous connections of the sound connection may
exceed a specilied value.

The ATM tratfic controlling apparatus of this invention 1s
characterized by the ATM ftraffic controlling apparatus,
wherein the rate calculation circuit may predict a cycle for
which the data ATM terminal changes the transmission rate
and the number of cells to be arriving at this cycle based on
the arriving condition of the sound cells.

The ATM traffic controlling apparatus of this invention 1s
characterized by the ATM traffic controlling apparatus which
may comprise a transmitting buifer for receiving the data
cells from the data ATM terminal and the sound cells from
the sound ATM terminals, and storing the cells, a transmit-
ting circuit for transmitting the cells from the transmitting
buffer, a rate calculation circuit for obtaining a prediction
coellicient based on the number of sound connections con-
nected simultaneously, and for calculating a transferable rate
based on the prediction coetficient and the number of sound
cells to be arriving, a RM cell processing circuit for pro-
cessing the RM cells including a transfer rate specified value
with which to specily a transfer rate to the data ATM
terminal on a transmitting side, a receiving circuit for
receiving the cells, a receiving buifer for storing received
data cells, and a data monitor circuit for monitoring the
arriving condition of the data cells and for calculating a
cycle for which the data terminals change the transmission
rate.

The ATM traflic controlling apparatus of this invention 1s
characterized by the ATM ftraffic controlling apparatus,
wherein the RM cell processing circuit may monitor the
arriving condition of a backward RM cell, and when the
backward RM cell may not be detected, the RM cell
processing circuit may automatically transmait the backward
RM cell.
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The ATM traific controlling apparatus of this invention 1s
characterized by the ATM traffic controlling apparatus,
wherein the RM cell processing circuit may monitor the
arriving condition of the data connections for the data
connection, and obtain a cycle for which the data ATM
terminals change the transmission rate when a backward RM
cell 1s not detected and a changed rate.

The ATM traific controlling apparatus of this invention 1s
characterized by the ATM ftraffic controlling apparatus,
wherein the rate calculation circuit may automatically cor-
rect the prediction coeflicient for calculating the number of
sound cells to be arriving at the next cycle based on the
arriving condition of the sound cells for the plurality of
sound connections.

The ATM traffic controlling apparatus of this invention 1s
characterized by the ATM ftrafic controlling apparatus,
wherein the rate calculation circuit may include buifers for
storing the sound cells and the data cells separately, and
determine the transmission rate of the data traffic based on
a storing condition of the data cells and the arriving condi-
tion of the sound cells 1n the plurality of sound connections.

An ATM ftraffic controlling method of this invention is
characterized by an AITM traific controlling method, incor-
porated mm an ATM multiplexed transmitter, for accommo-
dating a plurality of sound connections for transferring
sound 1nformation using sound cells among sound ATM
terminals and a data connection for transferring data infor-
mation to be communicated among data ATM terminals
using data cells and data tratfic controlling cells herematter
RM cells) in an ATM line may comprise a transmission rate
determining step for monitoring an arriving condition of the
sound cells for the plurality of sound connections being sent
from the sound ATM terminals at a determined cycle, for
predicting a number of sound cells to be arriving at a next
cycle and for determining a transmission rate of a data
traffic, and a transmission rate changing step for receiving
the data tratfic controlling cells from the ATM line, for
setting the transmission rate to the data traffic controlling
cells, and for transmitting to the data ATM terminal.

The ATM traffic controlling method of this invention 1s
characterized by the ATM ftraffic controlling method which
may comprise a transmitting buffer step for receiving the
data cells from the data ATM terminal and the sound cells
from the sound ATM terminals, and for storing the cells, a
transmitting step for transmitting the cells from the trans-
mitting buffer, a rate calculation step for obtaining a pre-
diction coefficient based on the number of sound connec-
tions connected simultaneously, and for calculating a
transferable rate based on the prediction coefficient and the
number of sound cells to be arriving, an RM cell processing
step for processing the RM cells including a transfer rate
specified value which specifies a transfer rate for the data
ATM terminal on a transmitting side, a receiving step for
receiving the cells, and a receiving bufler step for storing
received data cells, and wherein the RM cell processing step
may replace the transtfer rate specified value 1n the RM cells
with the transferable rate from the rate calculation circuit
when the transferable rate from the rate calculation circuit 1s
smaller than the transfer rate specified value 1n the RM cell.

The ATM traffic controlling method of this invention 1s
characterized by the ATM traflic controlling method,
wherein the rate calculation step may judge whether the
sound cells may be used as a sound band data, monitor the
arriving condition, respectively for the sound cells having
the sound information and for the sound cells of the sound

band data, predict the number of sound cells to be arriving




US 6,345,039 B1

7

at the next cycle based on a monitored result, and determine
the transmission rate of a data traffic.

The ATM tratfic controlling method of this invention 1s
characterized by the ATM traffic controlling method which
may comprise a transmitting buffer step for storing the data
cells from the data ATM terminal and the sound cells from
the sound ATM terminals, a transmitting step for transmit-
ting the cells from the transmitting buffer, a signaling
monitor step for monitoring a signaling information, and for
providing the number of sound connections (hereinafter
called the number of simultaneous connections) connected
simultaneously based on the signaling information, a rate
calculation step for obtaining a prediction coeflicient based
on the number of simultaneous connections, and calculating
a transferable rate based on the prediction coefficient and the
number of sound cells to be arriving, a RM cell processing
step for processing the RM cells including a transfer rate
specified value for specilying a transfer rate to the data ATM
terminals on a transmitting side, a receiving step for receiv-
ing the cells, and a receiving buifer step for storing received
data cells.

The ATM traffic controlling method of this invention 1s
characterized by the ATM traffic controlling method,
wherein the rate calculation step may predict the arriving,
condition of the sound cells at the next cycle based on the
number of simultaneous connections, when the number of
simultaneous connections of the sound connection may
exceed a specified value.

The ATM traffic controlling method of this invention 1s
characterized by the ATM trafic controlling method,
wherein the rate calculation circuit may predict a cycle for
which the data ATM terminal changes the transmission rate
and the number of cells to be arriving at this cycle based on
the arriving condition of the sound cells.

The ATM traffic controlling method of this invention 1s
characterized by the ATM traffic controlling method may
comprise a transmitting buffer step for receiving the data
cells from the data ATM terminal and the sound cells from
the sound ATM terminals, and storing the cells, a transmit-
ting step for transmitting the cells from the transmitting
buffer, a rate calculation step for obtaining a prediction
coellicient based on the number of sound connections con-
nected simultaneously, and for calculating a transferable rate
based on the prediction coetficient and the number of sound
cells to be arriving, a RM cell processing step for processing
the RM cells including a transfer rate speciiied value with
which to specify a transfer rate to the data ATM terminal on
a transmitting side, a receiving step for receiving the cells,
a receiving buifer step for storing received data cells, and a
data monitor step for monitoring the arriving condition of
the data cells and for calculating a cycle for which the data
terminals change the transmission rate.

The ATM traffic controlling method of this invention 1s
characterized by the ATM traffic controlling method,
wherein the RM cell processing step may monitor the
arriving condition of a backward RM cell, and when the
backward RM cell may not be detected, the RM cell

processing circuit may automatically transmait the backward
RM cell.

The ATM traffic controlling method of this invention 1s
characterized by the ATM trafic controlling method,
wherein the RM cell processing step may monitor the
arriving condition of the data connections for the data
connection, and obtain a cycle for which the data ATM
terminals change the transmission rate when the backward
RM cell may not be detected and the changed rate.
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The ATM tratfic controlling method of this invention 1s
characterized by the ATM traffic controlling method,
wherein the rate calculation step may automatically correct
the prediction coeflicient for calculating the number of
sound cells to be arriving at the next cycle based on the

arriving condition of the sound cells for the plurality of
sound connections.

The ATM traffic controlling method of this invention 1s
characterized by the ATM traflic controlling method,
wherein the rate calculation circuit may include buifers for
storing the sound cells and the data cells separately, and
determine the transmission rate of data traffic based on a

storing condition of the data cells and the arriving condition
of the sound cells 1n the plurality of sound connections.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one embodiment of an ATM traffic control-
ling apparatus of the present invention.

FIG. 2 outlines an operation flowchart of rate calculation
circuit A 101 shown 1n FIG. 1.

FIG. 3 shows one example of a structure of a VCI analysis
table indicated 1n the flowchart of FIG. 2.

FIG. 4 shows one example of a structure of a prediction
coeflicient table indicated 1n the flowchart of FIG. 2.

FIG. 5 outlines an operation flowchart of the RM cell
processing circuit A shown 1 FIG. 1.

FIG. 6 shows a configuration of another embodiment of
the ATM tratfic controlling apparatus of the present inven-
tion.

FIG. 7 outlines an operation flowchart of rate calculation
circuit B 601 indicated in FIG. 6.

FIG. 8 shows one example of a structure of a sound cell
format 1ndicated in the flowchart shown 1n FIG. 7.

FIG. 9 shows a configuration of another embodiment of
the ATM traffic controlling apparatus of the present inven-
tion.

FIG. 10 outlines an operation flowchart of a signaling
monitor circuit shown in FIG. 9.

FIG. 11 shows a configuration of another embodiment of
the ATM traffic controlling apparatus of the present inven-
fion.

FIG. 12 1s an operation flowchart of the rate calculation
circuit C shown 1n FIG. 11.

FIG. 13 shows a configuration of another embodiment of
the ATM tratfic controlling apparatus of the present inven-
tion.

FIG. 14 1s an operation flowchart of rate calculation
circuit D 1103 shown 1n FIG. 13.

FIG. 15 shows an example of a structure of a prediction
coellicient table indicated 1n the flowchart of FIG. 14.

FIG. 16 shows a configuration of another embodiment of
the ATM traffic controlling apparatus of the present inven-
tion.

FIG. 17 1s an operation flowchart of data monitor circuit
1601 shown 1n FIG. 16.

FIG. 18 shows a configuration of another embodiment of
the ATM tratfic controlling apparatus of the present inven-
tion.

FIG. 19 1s an operation flowchart of RM cell processing,
circuit B 1801 shown in FIG. 18 at a reception of a cell from
the ATM terminal.

FIG. 20 1s an operation flowchart of RM cell processing,
circuit B 1801 shown 1n FIG. 18 at a reception of an RM cell
from the line.
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FIG. 21 shows a configuration of another embodiment of
the ATM traffic controlling apparatus of the present inven-
fion.

FIG. 22 1s an operation flowchart of RM cell processing,
circuit C 2101 shown 1n FIG. 21 at a reception of a cell from
the ATM terminal.

FIG. 23 1s an operation flowchart of RM cell processing,
circuit C 2101 shown 1n FIG. 21 at a reception of a cell from
the wide area ATM line.

FIG. 24 shows a configuration of another embodiment of
the ATM tratfic controlling apparatus of the present inven-
fion.

FIG. 25 1s an operation flowchart of rate calculation
circuit E 2401 shown 1n FIG. 24.

FIG. 26 shows a configuration of another embodiment of
the ATM tratfic controlling apparatus of the present inven-
fion.

FIG. 27 1s an operation flowchart of rate calculation
circuit F 1001 shown in FIG. 26.

FIG. 28 shows a structure of an ATM cell of the present
and conventional 1nventions.

FIG. 29 shows an example of a configuration of sound/
data integrated network of the present and conventional
invention.

FIG. 30 shows a configuration of the conventional mul-
tiplexed transmitter 2910.

FIG. 31 1s a sequence diagram showing a method of
adjusting the transmission rate of the present and conven-
tional mvention.

FIG. 32 1s a diagram showing an adjustment sequence
when a backward RM cell would not be returned to the
transmitting side for some reason of the present and con-
ventional 1nventions.

FIG. 33 shows a structure of an RM cell format for
adjusting the transmission rate by the data terminal of the
present and conventional 1nventions.

FIG. 34 shows an example of a configuration of the
sound/data mtegrated network of the present invention.

FIG. 35 depicts an operation of the present invention.

FIG. 36 shows an example of a configuration of sound/
data mtegrated network of the present 1nvention.

FIG. 37 depicts an operation of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION
Embodiment 1.

FIG. 1 shows an example of the configuration of the ATM
tratfic controlling apparatus of the present imnvention.

In the figure, a multiplexed transmitter 100, which 1s the
ATM traffic controlling apparatus of the present invention, a
rate calculation circuit A 101, a transmitting butfer 102, an
RM cell processing circuit A 103, a receiving circuit A 104,
and a receiving bufler 1035 are illustrated. A transmission rate
determining unit 198 and a transmission rate changing unit
199 are also 1illustrated.

FIG. 2 1s a flowchart showing the operation of rate
calculation circuit A 101 shown m FIG. 1. FIG. 3 shows an
example of the V(I analysis table shown 1n the flowchart of
FIG. 2. FIG. 4 shows an example of the structure of the
prediction coeflicient table shown 1n the flowchart of FIG. 2.

FIG. 5 1s a flowchart showing the operation of the RM cell
processing circuit A shown 1n FIG. 1.

FIG. 34 shows an example of the configuration of the
sound and data integrated network of this embodiment.
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In FIG. 34, D1 1s a data ATM terminal. VI through V3 are
sound ATM terminals. In FIG. 34, therefore, the number of
sound connections 1s three while the number of data con-
nections 1s one.

FIG. 35 depicts the operation.

FIGS. 28,29 and 33 are also used for explaining the
present 1nvention.

With reference to figures, the tratfic controlling system of
the present invention will be set forth below.

A cell recerved by data traffic ATM line terminating unit
2908 or sound trafic ATM line terminating unit 2909 1s
stored 1n transmitting buffer 102 and input into rate calcu-
lation circuit A 101. Using the VCI 1in cell header 2802 of the
cell format shown 1n FIG. 28, the rate calculation circuit A
101 searches the V(I analysis table shown 1n FIG. 3 for the
cell received from the terminal to obtain the connection
information (step S201), and determines whether or not it is
sound information (step S202). If it turns out to be sound
immformation, counter C 1nside the rate calculation circuit A

101 1s incremented (step S203).

FIG. 35 shows that three sound ATM terminals 2904
output two sound cells during sound cell forming cycle T1,
in which sound is transtormed into a cell, and output three
sound cells during sound cell forming cycle T2. The counter
C mdicates the volume 2 after sound cell forming cycle T1.

Rate calculation circuit A 101 has a circuit which 1s
activated at a fixed cycle (sound cell forming cycle T). The
circuit obtains a prediction coefficient (step S204) by search-
ing the prediction coetficient table shown 1n FIG. 4, based on
a number of sound cell stmultaneous connections, which 1s
a preset value, (i.e., the number of paired sound ATM
terminals to be connected simultaneously for sound
connection, and denoted by M. In FIG. 34, M 1is three.).
Then, the obtained prediction coetficient 1s multiplied by the
counter value to obtain an estimated number of the sound
cells (hereinafter, n) to be arriving at the next cycle (step
S205).

Then, as shown 1n the expression below, by subtracting,
the transmission cell speed (or transmission rate) n/T (cells/
sec.) for sound cells from the maximum transmission cell
speed R (cells/sec.) for wide area ATM line 2907 including
the transmission cell speed for both the sound cells and data
cells, the data cell transmission cell speed 1s calculated, and
designated as the specified rate (the value is called as the rate
output value R1 or simply rate specified value). Based on the
specified rate, the output to RM cell processing circuit A 103
is updated and the counter is reset (step S206, step S207).

Rate output value R1 (cells/sec.)=R-n/T

(where, R 1s the maximum transmission cell speed of wide
arca ATM line 2907.)
If the prediction coeflicient 1s assumed to be one, then,

n=counter valuexprediction coefficient=2x1=2, in FIG. 35.

Furthermore, 1f T 1s assumed to be one second, and R
equals eight cells/sec., then,

Rate output value R1=R-n/T=8-2/1=6, whereby the rate
output value R1 becomes six cells per second. Rate output
value R1 indicates the unused line capacity of wide area
ATM line 2907. When the prediction coeflicient 1s one, it 1s
regarded that the number of sound cells having arrived at the
current cycle will be the number of sound cells to be arriving
at the next cycle.

RM cell processing circuit A 103 operates separately from
rate calculation circuit A 101 except when referring to the
output of the specified rate. Receiving circuit A 104 analyzes
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the type of cell header 2802 shown 1n FIG. 28 1n order to
judge whether an ATM cell received from wide arca ATM
line 2907 is an RM cell or not. If the PT (Payload Type: used
to indicate the information type) value for cell header 2802

of FIG. 28 1s six, as shown 1 FIG. 33, receiving circuit A s

104 determines that the ATM cell 1s an RM cell, and inputs
into RM cell processing circuit A 103. Otherwise, the ATM
cell 1s stored 1 receiving buffer 105. The ATM cell stored 1n
receiving buifer 105 1s transferred to data traffic ATM line
terminating unit 2908 or sound tratfic ATM line terminating

unit 2909 later.
The operation of RM cell processing circuit A 103 1s

explained below using the flowchart of FIG. 5.

The RM cell processing circuit A 103 gets transfer rate
specified value 3304 of the RM cell upon its reception (step
S501). If the rate specified value indicated by rate calcula-

tion circuit A 101 1s smaller than transfer rate specified value
3304 of the RM cell (step S502), the transfer rate specified
value is replaced with the rate specified value (step S503).

If not, the rate specified value indicated by rate calculation
circuit A 101 1s directly transferred to receiving bufier 105
and transmitted to data traffic ATM line terminating unit
2908 as other cells (step S504). Data ATM terminal receives
the RM cell, and changes the transmission rate to transfer
rate specified value 3304 of the RM cell. Because the
number of data connections 1s made one as indicated 1n FIG.
34, the transfer rate specified value 1s set as transfer rate
specified value 3304 of the RM cells 1n this embodiment. It
the number of data connections 1s two or more, the rate
specified value indicated by rate calculation circuit A 101
divided by the number of data connections, or proportionally
distributed by the transmission cell speed of the data
connection, 1s set as the transfer rate specified value 3304 of
the RM cell.

In this embodiment, rate calculation circuit A 101 predicts
the number of sound cells to be arriving at the next cycle
based on the result of observing the number of sound cells
of a plurality of sound connections having arrived from the
sound ATM terminal via sound traffic AIM line terminating
unit 2909. The nodes, such as the ATM multiplexed trans-
mitter and the ATM switched network, obtain the transfer-
able transmission rate based on the predicted value. RM cell
processing circuit A 103 sets the transferable transmission
rate at the time of relaying the data tratfic controlling cell
(RM cell), and notifies the data ATM terminal of the
fransferable transmission rate via data trafic ATM line
terminating unit 2908. The transmission rate of the data
ATM terminal can be thus adjusted 1n accordance with the
using condition of the line for sound connection.

The ATM traffic controlling apparatus predicts the unused
line capacity based on the arrival condition of the sound
cells, and controls the transmission rate depending on the
predicted unused line capacity. This embodiment enables
multiplexed transmission with improved cell disposal rate.
Embodiment 2.

FIG. 6 shows the configuration of another embodiment of
the ATM traffic controlling apparatus of the present inven-
tion.

In FIG. 6, signs the same as those of FIG. 1 indicate the
same or corresponding components. 601 denotes a rate
calculation circuit B. This embodiment differs from embodi-
ment 1 1n 1ts operation of the rate calculation circuit.

FIG. 7 1s an operation flowchart of rate calculation circuit
B 601 shown in FIG. 6.

FIG. 8 shows one example of the configuration of a sound
cell format used for the flowchart of FIG. 7.

In FIG. 8, a cell 801, a cell header 802, cell information

803, sound information identification 804, kept i cell
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information 803, for identifying whether a cell 1s a sound
cell or a FAX cell (a FAX cell is one type of sound cell) are

shown.
FIG. 36 shows the sound ATM terminal VF which con-

verts facsimile data into sound band information before
transferring. The sound ATM terminal VF always generates
one FAX cell for each sound cell forming cycle T during
sound connection, as shown 1n FIG. 37. V1 and V2 are the
sound ATM terminals for transferring sound information.
The sound ATM terminals V1 and V2 generate a maximum

of one sound cell 1n each sound cell forming cycle T and
transmit.

FIGS. 28, 29 and 33 are used for the explanation of the
present 1nvention.

The operation of rate calculation circuit B 601 1s
explamned below using FIGS. 7 and 8.

Upon receiving a cell from the terminal, rate calculation
circuit B 601 searches the V(I analysis table shown m FIG.
3 using the VCI 1n the cell header 2802 of the cell format
shown 1 FIG. 28, and obtains the connection information
(step S701). Rate calculation circuit B 601 determines if the
recerved cell 1s a sound cell or not based on the connection
information (step S702). When the cell has turned out to be
a sound cell, 1t 1s further determined whether 1t 1s a sound

information (sound cell) or a sound band information (FAX
cell) (step S703) by the 1dentification information unit of the
sound cell format shown 1n FIG. 8. If the cell has turned out
to be a sound information (sound cell), counter 1 C1 1is
incremented (step S704). For the sound band information
(FAX cell), counter 2 C2 is incremented (step S705).

The rate calculation circuit B 601 has a circuit activated
at a fixed cycle (T). Based on the number of sound cell
simultaneous connections M (M=3-1=2), which is obtained
by subtracting counter 2 value m (the number of connections
for FAX cells. m is one in FIG. 30.) from the number of
simultaneous connections M, which 1s a preset value, for
sound connections, (the number of connections for sound
connection including both sound cells and FAX cells. M 1s
three in FIG. 36), the circuit obtains the prediction coeffi-
cient by searching the prediction coefficient table shown in
FIG. 4 (step S711), and multiplies the prediction coefficient
by the number of cells having arrived, which 1s indicated as
the counter 1 value, and obtains the estimation value n for
the number of sound cells to be arriving at the next cycle
(step S712). The value m of counter 2 is subtracted in order
to estimate the arrival of only sound cells for the next cycle.
Then, the specified rate of the data cell 1s calculated by the
expression below, and the output to RM cell processing
circuit A 103 1s updated based on the calculated specified

rate as the rate output value R1 (step S713), and counter 1
C1 and counter 2 C2 are reset (step S714).

Rate output value R=R-(n+m)/T

(where, m indicates the value of counter 2 C2.).

The reason why the value m of counter 2 1s added to the
estimation value n 1s because the FAX cell 1s always
transferred 1n each cycle during connection.

The ATM traffic controlling apparatus 1dentifies the infor-
mation content of the sound cell data and makes a prediction
considering the traffic characteristics of sound band data (the
characteristics that the FAX cell 1s always transferred at each
cycle). The embodiment therefore realizes a multiplexed
transmission with i1mproved cell disposal rate without
restricting the use of a sound connection.

Embodiment 3.

FIG. 9 shows the configuration of another embodiment of
the ATM tratfic controlling apparatus of the present inven-
tion.
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In the figure, signs the same as those of FIG. 1 indicate the
same or corresponding components. 901 denotes a signaling
monitor circuit. This embodiment differs from embodiment
1 and embodiment 2 1n that the number of simultaneous
connections M, which was the preset value, 1s automatically
obtained by signaling monitor circuit 901.

In FIG. 9, a cell received from data trathc ATM line
terminating unit 2908 or sound traffic AITM line terminating
unit 2909, and from wide area ATM line 2907, 1s input nto
signaling monitor circuit 901. The number of simultaneous
connections M calculated by signaling monitor circuit 901 1s
input 1nto rate calculation circuit A101.

FIG. 10 1s an operation tlowchart of the signaling monitor
circuit shown 1n FIG. 9.

FIGS. 28, 29, and 33 are used for the explanation of the
operation of this invention.

The operation of signaling monitor circuit shown 1n FIG.
9 1s explained below using the flowchart of FIG. 10.

Signaling monitor circuit 901 gets the VCI 1n cell header
2802 shown 1n FIG. 28 of a cell recerved from data traffic
ATM line terminating unit 2908 or sound traffic ATM line
terminating unit 2909, and wide area ATM line 2907, and
scarches the VCI analysis table to obtain the connection
information (step S1001). Then the signaling monitor circuit
901 determines whether the connection information i1s a
signaling information or not because the connection mfor-
mation 1s a specific value (step S1002). When the connection
information 1s a signaling information, the information in
the V(I 1s checked to determine whether or not 1t 1s a call
setup or not(step S1003). When it 1s a call setup, the number
of the simultaneous connections counter C3 1s incremented.
For disconnection, the number of the simultaneous connec-
tions counter C3 1s decremented, and the mput value to rate
calculation circuit A101 1s updated.

The ATM tratfic controlling apparatus detects the number
of sound connections, and predicts the traffic based on the
number of sound connections. This embodiment therefore
achieves an efficient multiplexed transmission in accordance
with the change of the number of sound connections.
Embodiment 4.

FIG. 11 shows the configuration of another embodiment
of the ATM ftraflic controlling apparatus of the present
invention.

In the figure, signs the same as those of FIG. 9 indicate the
same or corresponding components. A multiplexed trans-
mitter 1100 which 1s the ATM traffic controlling apparatus,
and a rate calculation circuit C 1101 are shown. In this
embodiment, the operation of the rate calculation circuit A
differs from embodiment 3 1n that the rate 1s calculated based
on the value determined by the number of simultaneous
connections and not the counter value for the cell number,
when the number of simultaneous connections exceeds a
certain value.

FIGS. 12 1s an operation flowchart of rate calculation
circuit C 1101 shown 1n FIG. 11.

FIGS. 28, 29 and 33 are used for the explanation of the
present invention.

The operation of rate calculation circuit C 1101 shown in
FIG. 11 1s now explained using the flowchart of FIG. 12.

Similarly to Embodiment 3, when rate calculation circuit
C 1101 receives a cell from the terminal, 1t searches the VCI
analysis table shown 1 FIG. 3 using the VCI 1n the cell
header shown in FIG. 28 (step S1201) to determine whether
or not the connection information is sound information (step
S1202).

When the connection mformation 1s sound information,
the counter 1s checked whether its value exceeds the set
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upper limit (for example 10) (step S1203). When the counter
value does not exceed the set upper limit (10), counter C is
incremented (step S1204). If the counter value has already
reached the set value (10), the counter is not updated. Then,
the number of simultaneous connections M 1nput from
signaling monitor circuit 901 at each cycle T 1s judged
whether it exceeds the set value (10) (step S1211), and if it
exceeds the set value, the rate output value of the data call
based on the number of simultaneous connections M 1s
obtained by the following expression (step S1212).

Rate output value R1=R-(M*constant coefficient)/T

When the number of simultaneous connections M 1s a large
value (for instance 10 or more), the rate at which the sound
cells will be transferred can be statistically calculated. For
example, if 80 percent of sound ATM terminals generate
sound cells, the constant coefficient can be set to 0.8. When
the number of simultaneous connections M 1s small, the
fixed coeflicient 1s not used because the statistical operation
1s hard to implement.

Namely, when the number of stmultaneous connections M
1s below the above set value, the prediction coeflicient is
obtained (step S1213) by searching the prediction coefficient
table of the sound cells arriving at the next cycle shown in
FIG. 4 based on the number of simultaneous connections M,
similarly to embodiment 1. The prediction coeflicient 1is
multiplied by the counter value to obtain the estimation
value n of the sound cells arriving at the next cycle (step
S1214), and the rate output value is calculated by the
following expressing (step S1215). Then, counter C 1is

cleared (step S1210).

Rate output value R1=R-n/T

Because the ATM ftraffic controlling apparatus of this
embodiment predicts the traffic based on the set value when
the number of sound connections exceeds the specified
value, and the capacity of the counter for counting the
number of arriving cells can be reduced. This embodiment
thereby 1s effective 1n providing more economical multi-
plexed transmission.

Embodiment 5.

FIG. 13 shows a configuration of another embodiment of
the ATM traffic controlling apparatus of the present inven-
tion.

In the figure, signs the same as those of FIG. 1 indicate the
same or corresponding components. A multiplexed trans-
mission unit 1300, which 1s the ATM traffic controlling
apparatus, and a rate calculation circuit D 1301 are shown.
Although Embodiment 1 regarded the time interval to be
predicted as the sound cell forming cycle T, Embodiment 5
applies cycle Td, which 1s a cycle during which data ATM
terminal 2903 changes the transmission rate. As shown 1in
FIGS. 31 or 32, because the interval to change the trans-
mission rate of the data terminal 1s dependent only on the
transmission rate Nrm of the RM cell (Nrm 1in this embodi-
ment is assumed to be preset), the cycle Td dynamically
changes as the transmission rate changes. In this
embodiment, a means for estimating cycle Td 1s attached to
rate calculation circuit D 1103.

FIG. 14 1s a flowchart for explaining the operation of rate
calculation circuit D 1103 shown 1n FIG. 13.

FIG. 15 shows an example of the structure of prediction
coellicient table indicated in the flowchart of FIG. 14.

FIGS. 28, 29, and 33 are used for the explanation of the
present 1nvention.

The operation of rate calculation circuit D 1301 shown 1n

FIG. 13 1s explained below using the flowchart of FIG. 14.
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Similarly to Embodiment 1, when rate calculation circuit
D 1301 receives a cell from the terminal, it gets the VCI 1n
cell header 2802 shown 1n FIG. 28, and obtains the connec-
tion mmformation by searching the VCI analysis table shown
in FIG. 3 (step S1401). Then, the connection information is
judged whether or not it is sound information (step S1402).
If 1t 1s sound information, counter C for sound cells i1s
incremented (step S1403). Then, cycle Td is calculated (step
S1411) based on the current rate value obtained by the
fransmission rate Nrm for transmitting RM cells at each
cycle T and the transfer rate specified value 3304 of the
received RM cells, using the following expression:

Cycle Td=Nrm/current rate value.

Based on the obtained cycle Td and the number of simul-
tancous connections M, which 1s the fixed value, the pre-
diction coeflicient table of the sound cells to be arriving at
the next cycle shown in FIG. 15 1s searched and the
prediction coefficient 1s read (step S1412). Then, by multi-
plying the obtained prediction coellicient and the sound cell
counter value, the estimation value n for the number of
sound cells to be arriving at the next cycle is obtained (step
S1413).

Then, based on the estimation value n of the number of
sound cells to be arriving and the cycle Td obtained at step
S1411, the sound rate 1s calculated by the following expres-
sion. By subtracting the sound rate from the maximum
transmission cell speed R of the wide arca ATM line
including the sound cell rate and data cell rate, the output to
the RM cell processing circuit is updated (step S1414) with

the data cell rate as the rate output value. And counter C 1s
reset (step S1415).

Rate output value R1=R-n/Td

The ATM traffic controlling apparatus predicts the unused
line capacity based on the arriving condition of the sound
cell data by the unit of cycle Td 1n which the transmission
rate from the terminal changes and the transmission rate 1s
suppressed 1n accordance with the prediction for the data
connection. This embodiment 1s effective m providing a
multiplexed transmission with 1improved cell disposal rate.
Embodiment 6.

FIG. 16 shows the configuration of another embodiment
of the ATM ftraffic controlling apparatus of the present
invention.

In the figure, signs the same as those of FIG. 13 mndicate
the same or corresponding components. A multiplexed trans-
mitter 1600, which 1s the ATM traffic controlling apparatus,
and a data monitor circuit 1601 for monitoring the trans-
mission condition of data cells and calculating the Nrm
automatically are shown. While Nrm 1s a preset value 1n
Embodiment 5, data monitor circuit 1601 monitors the
transmission condition of data cells and automatically cal-
culates the transmission rate Nrm of the RM cells 1n this
embodiment.

FIG. 17 1s a flowchart explaining the operation of data
monitor circuit 1601 shown 1n FIG. 16.

FIGS. 28, 29, and 33 are used for the explanation of this
invention.

The operation of data monitor circuit 1601 shown 1n FIG.
16 1s explained using the flowchart of FIG. 17.

A cell received from data ATM terminal 2903 and sound
ATM terminal 2904 1s mput into data monitor circuit 1601.
Data monitor circuit 1601 searches the VCI analysis table
shown 1n FIG. 3 using the VCI 1n the cell header shown 1n
FIG. 28 to get the connection mnformation. The connection

10

15

20

25

30

35

40

45

50

55

60

65

16

information 1s judged whether or not 1t 1s a data connection
(step S1701). If it is a data connection, the PT inside the cell
header shown 1n FIG. 28 1s checked to determine whether or
not it is a data cell or RM cell (step S1702). If it is proven

to be a data cell, counter C4 is incremented (step S1703).
When it turns out to be an RM cell (PT=6 as in FIG. 33), the

counter value of counter C4 1s set as the transmission rate
Nrm of the RM cells, and 1s output to rate calculation circuit

D 1301 (step S1704), and counter C4 is cleared (step 1705).
The ATM tratfic controlling apparatus of this embodiment
automatically obtains cycle Td, in which transmission rate
from the terminal changes, and not by the preset fixed value.
It 1s effective 1n providing multiplexed transmission with
upgraded maintenance and improved cell disposal charac-
teristics.
Embodiment 7.

FIG. 18 shows the configuration of another embodiment
of the ATM ftraffic controlling apparatus of the present
mvention.

In the figure, signs the same as those of FIG. 1 indicate the
same or corresponding components to FIG. 1. A multiplexed
transmitter 1800, which 1s the ATM traffic controlling
apparatus, and an RM cell processing circuit B 1801 are
shown. This embodiment differs from previous embodi-
ments 1n that RM cell processing circuit B 1801 has a circuit
which monitors the absence of backward RM cell and
automatically transmits the RM cells.

FIG. 19 1s an operation flowchart of RM cell processing,
circuit B 1801 shown 1n FIG. 18 when a cell 1s received from
the ATM terminal.

FIG. 20 1s an operation flowchart of RM cell processing
circuit B 1801 shown 1n FIG. 18 when an RM cell 1s
received from the lne.

FIGS. 28, 29, and 33 are used for the explanation of this
ivention.

The operation of RM cell processing circuit B 1801
shown 1n FIG. 18 1s explained below using the flowcharts
shown 1n FIGS. 19 and 20.

The cell received from data traffic ATM line terminating
unit 2908 or sound tratfic ATM line terminating unit 2909
and RM cells received from wide areca ATM line 2907 are
input 1nto RM cell processing circuit B 1801. Upon receiv-
ing the RM cell from the ATM terminal, the RM cell
processing circuit B 1801 uses the VCI 1n cell header 2802
shown 1 FIG. 28 to search the V(I analysis table shown 1n
FIG. 3 and obtains the connection information. Then the
connection information 1s judged whether it 1s a data con-
nection or not (step S1901).

If 1t 1s proved to be a data connection, 1t 1s determined
whether or not it 1s a data cell or RM cell by checking the

PT of header 3302 of the RM cell shown in FIG. 33 (step
S1902). For the RM cells, counter C5 for the RM cells is
incremented (step S1903). The counter CS for the RM cells
is checked (step S1904) to determine whether it is larger
than the preset value (the number of times Crm shown in
FIG. 32). If counter C value is larger, whether or not a value
obtained by multiplying a different preset value (Cdf: Cutoff
Decrease Factor) by the current rate value is larger than the
rate specifled value specified by rate calculation circuit A
101 is checked (step S1905). If larger, setting the rate
specified value from rate calculation circuit A 101 as the
transier rate specified value 3304, the RM cell 1s transferred
to receiving buffer 105, and transmitted to data trathic ATM
line terminating unit 2908 (step S1906), similarly to other
cells.

After receiving the RM cell from wide areca ATM line
2907, RM cell processing circuit B 1801 clears counter C5
for the RM cells (step S2001).
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The operation after that 1s the same as that of Embodiment
1. After the transfer rate specified rate of the recerved RM
cells is obtained (step S2002), the rate specified value from
rate calculation circuit A 101 1s judged whether 1t 1s smaller
than the rate specified value mndicated by the transfer rate
specified value of the received RM cells (step S2003). If it
1s smaller, the transfer rate specified value 1s replaced with
the rate specified value from rate calculation circuit A 101
(step S2004), and if it is larger, the transfer rate specified
value 1s directly transferred to receiving butfer 105 without
change, and then transmitted to data tratfic ATM line termi-
nating unit 2908 (step S2005), similarly to other cells. unit
2908 (step S2005), similarly to other cells.

Because the ATM traffic controlling apparatus automati-
cally transmits RM cells when the backward RM cell 1s
absent, the terminal can automatically change the transmis-
sion rate even when there 1s no backward RM cell. And
when the changed transmission rate exceeds the estimation
of the unused line capacity based on the arriving condition
of sound cell data, the transmission rate can further be
modified, Thus, this embodiment is effective 1n providing a
multiplexed transmitter with improved cell disposal charac-
teristics.

Embodiment 8.

FIG. 21 shows the configuration of another embodiment
of the ATM traffic controlling apparatus of the present
invention.

In the figure, signs the same as those of FIG. 18 mdicate
the same or corresponding components of FIG. 18. A
multiplexed transmitter 2100, which 1s the ATM ftraffic
controlling apparatus, and an RM cell processing circuit C
2101 are shown. Although Crm and Cdf (Cutoff Decease
Factor) are the preset values in Embodiment 7, in this
embodiment, a circuit for obtaining Crm and Cdf automati-
cally by monitoring the data transmission condition of the
data terminals 1s provided 1n RM cell processing circuit C
2101. Hereinafter, Crm and Cdf are called the parameters.

FIG. 22 1s a flowchart explaining the operation of RM cell
processing circuit C 2101 indicated mn FIG. 21 when a cell
1s recerved from the ATM terminal.

FIG. 23 1s a flowchart showing the operation of RM cell
processing circuit C 2101 shown 1n FIG. 21 when a cell 15
received from wide area ATM line.

FIGS. 28 and 29, and 33 are used for the explanation of
this mvention.

The operation of RM cell processing circuit C 2101
shown 1n FIG. 21 1s explained below using the flowchart of
FIG. 23.

The cell received from data trathic ATM line terminating,
unit 2908 or sound traffic ATM line terminating unit 2909
and RM cell recerved from wide arca AIM line 2907 are
input mto RM cell processing circuit C 2101. Upon receiv-
ing the cell from the terminal, RM cell processing circuit C
2101 uses the VCI 1n cell header 2802 shown 1n FIG. 28 to
scarch the VCI analysis table shown 1n FIG. 3, and reads the
connection information. The connection information 1s then
judged whether it is a data connection (step S2201).

When the connection information 1s judged as a data
connection, the PT of cell header 2802 shown 1n FIG. 28 1s
checked to determine whether or not the data connection 1s
a data cell or RM cell (step S2202). When the data connec-
fion 1s proved to be an RM cell, counter C5 1s incremented
(step S2203). The operation after that is different based on
parameter calculation phase and post parameter calculation
phase. In the post parameter calculation phase, similarly to
Embodiment 7, if the counter matches Crm (step S2205), the
Cdf multiplied by the current rate value 1s checked whether
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it 1s smaller than the specified rate of rate calculation circuit
A 101 (step S2206). If it 1s smaller, the RM cell set as
transfer rate specified value 1s transferred to receiving buifer
18, and transmitted to data traffic ATM line terminating unit
11 (step S2207), similarly to other cells.

In the parameter calculation phase (step S2205), the
interval time (t) of RM cells is obtained (step S2209) from
the difference between the current time and the previous
time value stored when the RM cell was received immedi-
ately before. Then, by comparing the interval value
(previous t value) stored immediately before (step S2210),
the change 1n the transmission rate 1s judged. If counter CS
1S not one, the counter value of counter C5 1s set as Crm. And
the interval ratio (t/previous t value) obtained by dividing
the current interval time (t) by the previous interval value
(previous t value) is set as Cdt, and the phase is set to the
post parameter calculation phase (step S2211).

When the change 1n the transmission rate 1s not found, the
current time 1s stored as the previous time value, and the
interval value is stored as the previous t value (step S2212).
The operation for receiving the RM cells from the line is the
same as 1n Embodiment 7. That 1s, the counter 1s cleared
(step S2301), the transfer rate specified value indicated by
the received RM cell is obtained (step S2302). If the rate
specified value from rate calculation circuit A 1s smaller than
the transfer rate specified value indicated by the received
RM cell (step S2303), the transfer rate specified value is
replaced with the rate specified value from calculation
circuit A (step S2304). When it is larger, the transfer rate
specified value 1s transferred to receiving buffer 18 without
any change, and then transmitted to data tratfic ATM line
terminating unit 2908 (step S2305), similarly to other cells.

When there 1s no backward RM cell, the ATM traffic
controlling apparatus 1s allowed to detect the parameters
Crm and Cdf automatically by monitoring the data arriving,
condition based on the cycle (interval time t) for which the
terminal automatically changes the transmission rate, and
the changed ratio (interval time t/previous t value) and not
by the preset fixed value. Thus, this embodiment 1s effective
in providing a multiplexed transmission with excellent
maintenance and improved cell disposal characteristics.
Embodiment 9.

FIG. 24 shows the configuration of another embodiment
of the ATM ftraffic controlling apparatus of the present
invention.

In the figure, signs the same as those of FIG. 1 indicate the
same or corresponding components. A multiplexed trans-
mitter 2400, which 1s the ATM ftraffic controlling apparatus,
and a rate calculation circuit E 2401 are shown.

Although the previous embodiments calculate the rate
using the predetermined prediction coeflicient because
sound characteristics are known, this embodiment 1s char-
acterized in that a circuit which automatically corrects the
prediction coeflicient by observing the arriving condition of
the sound cells 1s provided 1n the rate calculation circuit E
2401.

FIG. 25 1s a tlowchart showing the operation of rate
calculation circuit E 2401 shown 1n FIG. 24.

FIGS. 28, 29, and 33 1s used for the explanation of the
present 1nvention.

The operation of rate calculation circuit E 2401 shown 1n
FIG. 24 1s explained using the flowchart of FIG. 25.

After receiving a cell from the terminal, rate calculation
circuit E 2401 uses the VCI 1n cell header 2802 of the cell
format shown 1n FIG. 28 to search the VCI analysis table
shown in FIG. 3, and obtains connection information (step
S2501). The connection information is judged to determine
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whether 1t 1s sound information or not (step S2502). When
it is sound information, counter C is incremented (step
S2503).

Rate calculation circuit E 2401 has a circuit that 1s
automatically activated at the fixed cycle (T). The circuit
checks whether the difference between the current counter
value from the value estimated at the time of previous cycle
(stored n value) exceeds the specified value (step S2511). If
the difference 1s larger than the specified value, the predic-
fion error 1s assumed to be large. The comparison ratio
between the current counter value and the previous stored
counter value 1s regarded as the new prediction coellicient,
and the prediction coefficient table is updated (step S2512).
The operation after that 1s the same as that of rate calculation
circuit A 101 of Embodiment 1. The prediction coefficient
obtained by indexing the prediction coeflicient table shown
in FIG. 4 based on the number of simultaneous connections
M 1s multiplied by the counter value, and the estimation
value n of the number of sound cells arriving at the next
cycle 1s obtained.

Meanwhile, the value estimated in the previous cycle 1s
stored, and the rate 1s calculated by the following expression
and then the output to the RM cell processing circuit 1s

updated (step S2513).
Rate output value R1=R-n/T

Then, the counter value and prediction value are stored to
be used for the judgement at the next cycle, and counter C
is reset (step S2514).

The ATM traffic controlling apparatus of this embodiment
1s allowed to correct the prediction method based on the
arriving condition of the sound cells by comparing with the
number of cells that have actually arrived. Thus, it 1s
cilective 1 providing a multiplexed transmission with excel-
lent maintenance and improved cell disposal characteristics
without having to adjust the parameters strictly.
Embodiment 10.

FIG. 26 shows the configuration of another embodiment
of the ATM ftraffic controlling apparatus of the present
invention.

In the figure, signs the same as those of FIG. 1 indicate the
same or corresponding components of FIG. 1. A multiplexed
transmitter 2600, which 1s the ATM traific controlling
apparatus, a rate calculation circuit F 2601, a sound/data
identifying unit 2602, a data cell transmitting butfer 2603 for
temporarily storing data cells for transmission, and a sound
cell transmitting butfer 2604 for temporarily storing sound
cells for transmission are 1illustrated. Although previous
embodiments shared the transmitting buffer for both sound
and data, this embodiment 1s provided with a data terminal
buffer and a sound buffer. In addition, this embodiment is
characterized by a circuit for calculating the rate based on
the remaining capacity of a data buffer provided in rate
calculation circuit F 2601.

FIG. 27 1s a flowchart showing the operation of rate
calculation circuit F 2601 shown 1n FIG. 26.

FIGS. 28, 29 and 33 are used for the explanation of this
invention.

The operation of rate calculation circuit F 2601 shown in
FIG. 26 1s explained using the flowchart of FIG. 27.

Rate calculation circuit F 2601 uses the VCI 1n cell header
2802 of the cell format shown 1n FIG. 28 when a cell 1s
received from the ATM terminal to search the VCI analysis
table shown 1n FIG. 3, and obtains the connection informa-
tion (step S2701). Then, the connection information 1is
judged to determine whether 1t 1s sound mmformation or not
(step S2702), and if it turns out to be sound information,
counter C 1s incremented (step S2703).
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Rate calculation circuit F 2601 1s provided with a circuit
which is activated a t the fixed cycle (T). The circuit searches
the prediction coeflicient table shown 1n FIG. 4 based on the
number of simultancous connections M and obtains the
prediction coefficient (step S2711). Then, the prediction
coellicient 1s multiplied by the counter for sound cells
obtained at step S2703, and obtains the estimation value n
for the sound cells to be arriving at the next cycle.

Next, with the estimation value n, the number of cells
(hereinafter ml) waiting for transmission which indicates the
use condition of data cell transmitting butfer 2603, and the
number of unused buffers (hereinafter m2), the rate output
value R1 1s calculated using the following expression, and
then the output to RM cell processing circuit A 103 1is
updated (step S2713) and the counter is reset (step S2714).

Rate output value R1=R-(n+m1-m2)/T

The ATM traific controlling apparatus 1s provided with a
buffer special for data cells, and the transmission rate 1s
determined by the unused line capacity based on the using
condition of the buffer and the arriving condition of the
sound cell data. Because the transmission rate can be sup-
pressed 1n accordance with the unused line capacity, a
prediction error will be absorbed by the buffer. Thus, this
embodiment 1s effective in providing a multiplexed trans-
mission with improved cell disposal characteristics.
Industrial Applicability

The ATM traffic controlling apparatus and its method
predict the unused line capacity based on the arriving
condition of sound cell data, and suppress the transmission
rate 1n accordance with the unused line capacity. Therefore,
this mvention 1s effective i providing a multiplexed trans-
mission with improved cell disposable characteristics.

The ATM multiplexed transmitter of this mmvention out-
puts a plurality of connections for transferring sound infor-
mation and connection for transferring data information
from the same output port, and achieves a cost-saving ATM
traffic controlling apparatus and the method which are able
to satisfy the sound quality, and suppress the data cell
disposable rate under the appropriate value.

What 1s claimed is:

1. An asynchronous transfer mode (ATM) traffic control-
ling apparatus incorporated in an ATM multiplexed
transmitter, for accommodating a plurality of sound connec-
tions for transferring sound information using sound cells
among sound AITM terminals and a data connection for
transferring data information among data ATM terminals
using RM cells including data traffic controlling cells, 1n an
ATM line, the apparatus comprising:

a transmission rate determining unit for monitoring an
arriving condition of sound cells for a plurality of
sound connections, the sound cells being sent from
sound ATM terminals during a first cycle, for predicting,
a number of sound cells arriving during a second cycle,
after the first cycle, and for determining a transmission
rate of data trathc;

a transmission rate changing unit receiving data traffic
controlling cells from an ATM line, for setting a trans-
mission rate of the data traffic controlling cells, and for
transmitting data traffic controlling cells to data ATM
terminals;

a transmitting buflfer for receiving data cells from the data
ATM terminals and the sound cells from the sound
ATM terminals, and for storing the data and sound
cells;

a transmitting circuit for transmitting the data and sound
cells from the transmitting buffer;
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a rate calculation circuit for producing a prediction coel-
ficient based on the number of sound connections
connected simultaneously, and for calculating a transfer
rate based on the prediction coeflicient and the number
of sound cells predicted to be arriving;

an RM cell processing circuit for processing RM cells
including a specified transfer rate which specifies a
transfer rate of a data ATM terminal on a transmitting
side;

a rece1ving circuit for receiving the data and sound cells;
and

a recerving bufler for storing received data cells, wherein
the RM cell processing circuit replaces the transfer rate
specified 1n the RM cells with the transfer rate from the
rate calculation circuit when the transferable transfer
rate from the rate calculation circuit is smaller than the
transfer rate specified in the RM cell.

2. The ATM trafic controlling apparatus of claim 1,
wherein the rate calculation circuit determines whether the
sound cells are sound band data, monitors the arriving
condition for the sound cells having sound information and
for the sound cells having sound band data, predicts the
number of sound cells arriving during the second cycle
based on a monitored result, and determines the transmis-
sion rate of the data traffic.

3. An asynchronous transfer mode (ATM) traffic control-
ling apparatus incorporated in an ATM multiplexed
transmitter, for accommodating a plurality of sound connec-
fions for transferring sound mformation using sound cells
among sound AITM terminals and a data connection for
transferring data information among data ATM terminals
using RM cells including data traffic controlling cells, 1n an
ATM line, the apparatus comprising:

a transmission rate determining unit for monitoring an
arriving condition of sound cells for a plurality of
sound connections, the sound cells being sent from
sound ATM terminals during a first cycle, for predicting
a number of sound cells arriving during a second cycle,
after the first cycle, and for determining a transmission
rate of data traffic;

a transmission rate changing unit receiving data traffic
controlling cells from an ATM line, for setting a trans-
mission rate of the data traffic controlling cells, and for
transmitting data traffic controlling cells to data ATM
terminals;

a transmitting buifer for storing data cells from the data

ATM terminals and the sound cells from the sound
ATM terminals;

a transmitting circuit for transmitting the data and sound
cells from the transmitting buifer;

a signaling monitor circuit for monitoring signaling
information, and for determining the number of sound
connections based on the signaling information;

a rate calculation circuit for producing a prediction coel-
ficient based on the number of simultaneous sound
connections, and calculating a transfer rate based on the
prediction coeflicient and the number of the sound cells
predicted to be arriving;

an RM cell processing circuit for processing RM cells
including a transfer rate specified for the data ATM
terminals on a transmitting side;

a rece1ving circuit for receiving the data and sound cells;
and

a receiving buifer for storing received data cells.
4. The ATM traffic controlling apparatus of claim 3,
wherein the rate calculation circuit predicts the arriving,
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condition of the sound cells arriving during the second cycle
based on the number of simultaneous sound connections,
when the number of simultaneous sound connections
exceeds a speciiied value.

5. The ATM trafic controlling apparatus of claim 1,
wherein the rate calculation circuit predicts a cycle for
which a data ATM terminal changes 1ts transmission rate and
the number of sound cells predicted to be arriving during the
cycle based on arriving condition of the sound cells.

6. An asynchronous transfer mode (ATM) traffic control-
ling apparatus incorporated in an ATM multiplexed
transmitter, for accommodating a plurality of sound connec-
tions for transterring sound information using sound cells
among sound ATM terminals and a data connection for
transferring data information among data ATM terminals
using RM cells including data traffic controlling cells, 1n an
ATM line, the apparatus comprising:

a transmission rate determining unit for monitoring an
arriving condition of sound cells for a plurality of
sound connections, the sound cells being sent from
sound ATM terminals during a first cycle, for predicting,
a number of sound cells arriving during a second cycle,
alter the first cycle, and for determining a transmission

rate of data traffic;

a transmission rate changing unit receiving data traflic
controlling cells from an ATM line, for setting a trans-
mission rate of the data traffic controlling cells, and for
transmitting data traffic controlling cells to data ATM
terminals;

a transmitting buifer for receiving data cells from the data
ATM terminals and the sound cells from the sound
ATM terminals, and storing the data and sound cells;

a transmitting circuit for transmitting the data and sound
cells from the transmitting buifer;

a rate calculation circuit for producing a prediction coet-
ficient based on the number of sound connections
connected simultaneously, and for calculating a transfer
rate based on the prediction coeflicient and the number
of sound cells predicted to be arriving;

an RM cell processing circuit for processing RM cells
including a transfer rate specified for speciiying a
transfer rate of data ATM terminals on a transmitting
side;

a rece1ving circuit for receiving the data and sound cells;

a receiving bufler for storing received data cells; and

a data monitor circuit for monitoring the arriving condi-
tion of the data cells and for calculating a cycle for
which the data ATM terminals change transmission
rate.

7. The ATM trafic controlling apparatus of claim 1,
wherein the RM cell processing circuit monitors the arriving,
condition of a backward RM cell, and when no backward
RM cell 1s detected, the RM cell processing circuit auto-
matically transmits a backward RM cell.

8. The ATM traific controlling apparatus of claim 1,
wherein the RM cell processing circuit monitors the arriving,
condition of the data for the data connection, and selects a
cycle for which the data ATM terminals change transmission
rate when a backward RM cell 1s not detected.

9. The ATM traffic controlling apparatus of claim 1,
wherein the rate calculation circuit automatically corrects
the prediction coeflicient for calculating the number of
sound cells arriving during the second cycle based on the
arriving condition of the sound cells for the plurality of
sound connections.

10. The ATM traffic controlling apparatus of claim 1,
wherein the rate calculation circuit includes buffers for
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storing the sound cells and the data cells separately, and
determines the transmission rate of the data traffic based on
storing of the data cells and the arriving condition of the
sound cells 1n the plurality of sound connections.

11. An asynchronous transfer mode (ATM) traffic con-
trolling method incorporated in an ATM multiplexed
transmitter, for accommodating a plurality of sound connec-
fions for transferring sound mformation using sound cells
among sound AIM terminals and a data connection for
transferring data information among data ATM terminals
using RM cells including data traffic controlling cells, 1n an
ATM line, the method comprising:

determining a transmission rate by monitoring arriving,
condition of sound cells for a plurality of sound
connections, the sound cells being sent from sound
ATM terminals during a first cycle, predicting a number
of sound cells arriving during a second cycle, after the
first cycle, and determining a transmission rate of data
traffic;

™

changing a transmission rate by receiving the data traffic
controlling cells from an ATM line, setting the trans-
mission rate of the data traffic controlling cells, and
transmitting data traffic controlling cells to the data

ATM terminals;

receiving the data cells from the data ATM terminals and
the sound cells from the sound ATM terminals, and
storing the data and sound cells 1n a transmitting buifer,
transmitting the data and sound cells from the trans-
mitting buffer;

producing a prediction coeflicient based on the number of
sound connections connected simultaneously, and cal-
culating a transfer rate based on the prediction coefli-
cient and the number of sound cells predicted to be
arriving;

processing RM cells including a specified transfer rate
which specifies a transfer rate for a data ATM terminal
on a transmitting side;

receiving the data and sound cells; and

storing received data cells 1n a receiving bufler, wherein
processing the RM cells replaces the transfer rate
specified 1n the RM cells with the transfer rate from the
rate calculation circuit when the transfer rate from the
rate calculation circuit 1s smaller than the transfer rate

specified 1n the RM cell.

12. The ATM traffic controlling method of claim 11,
including determining whether the sound cells are sound
band data, monitoring the arriving condition of sound cells
having sound information and the sound cells having sound
band data, predicting the number of sound cells arriving,
during the second cycle based on a monitored result, and
determining the transmission rate of the data traffic.

13. An asynchronous transfer mode (ATM) traffic con-
trolling method incorporated in an ATM multiplexed
transmitter, for accommodating a plurality of sound connec-
tions for transferring sound mformation using sound cells
among sound AITM terminals and a data connection for
transferring data information among data ATM terminals
using RM cells including data tratfic controlling cells, 1in an
ATM line, the method comprising:

determining a transmission rate by monitoring arriving,
condition of sound cells for a plurality of sound
connections, the sound cells being sent from sound
ATM terminals during a first cycle, predicting a number
of sound cells arriving during a second cycle, after the
first cycle, and determining a transmission rate of data
traffic;

™

10

15

20

25

30

35

40

45

50

55

60

65

24

changing a transmission rate by receiving the data tratfic
controlling cells from an ATM line, setting the trans-
mission rate of the data traffic controlling cells, and

transmitting data trathic controlling cells to the data
ATM terminals;

storing data cells from the data ATM terminals and the
sound cells from the sound ATM terminals 1n a trans-
mitting buffer;

transmitting the data and sound cells from the transmitting
buffer;

monitoring signaling information, and determining the
number of sound connections connected simulta-

neously based on the signaling information;

I

producing a prediction coefficient based on the number of
simultaneous sound connections, and calculating a
transier rate based on the prediction coefficient and the
number of sound cells predicted to be arriving;

processing the RM cells including a transfer rate specified
for the data ATM terminals on a transmitting side;

receiving the data and sound cells; and

storing received data cells.

14. The ATM tratfic controlling method of claim 13,
including predicting the arriving condition of the sound cells
arriving during the second cycle based on the number of
simultaneous connections, when the number of simulta-
neous sound connections exceeds a speciiied value.

15. The ATM traffic controlling method of claim 11,
including predicting a cycle for which a data ATM terminal
changes 1ts transmission rate and the number of sound cells
predicted to be arriving during the cycle based on arriving
condifion of the sound cells.

16. An asynchronous transfer mode (ATM) traffic con-
trolling method incorporated in an ATM multiplexed
transmitter, for accommodating a plurality of sound connec-
tions for transferring sound information using sound cells
among sound AITM terminals and a data connection for
transferring data information among data ATM terminals
using RM cells including data traffic controlling cells, 1n an
ATM line, the method comprising:

determining a transmission rate by monitoring arriving,
condition of sound cells for a plurality of sound
connections, the sound cells being sent from sound
ATM terminals during a first cycle, predicting a number
of sound cells arriving during a second cycle, after the
first cycle, and determining a transmission rate of data
traffic;

changing a transmission rate by receiving the data tratfic
controlling cells from an ATM line, setting the trans-
mission rate of the data traffic controlling cells, and

transmitting data tratfic controlling cells to the data
ATM terminals;

receiving the data cells from the data ATM terminals and
the sound cells from the sound ATM terminals, and
storing the data and sound cells 1n a transmitting buifer;

™

transmitting the cells from the transmitting buffer;

I

producing a prediction coefficient based on the number of
simultaneous sound connections, and calculating a
transier rate based on the prediction coefficient and the
number of sound cells predicted to be arriving;

processing the RM cells including a transfer rate specified
for specilying a transfer rate of a data ATM terminal on
a transmitting side;

receiving the data and sound cells;
storing received data cells 1n a receiving buffer; and
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monitoring the arriving condition of the data cells and 19. The ATM trafic controlling method of claim 11,
calculating a cycle for which the data terminals change automatically correcting the prediction coetficient for cal-
transmission rate. culating the number of sound cells arriving during the

17. The ATM traffic controlling method of claim 11, second cycle based on the arriving condition of the sound

cells for the plurality of sound connections.

including monitoring an arriving condition of a backward 5 20. The ATM traffic controlling method of claim 11,

RM cell, and when no backward RM cell is detected, including storing the sound cells and the data cells

automatically transmitting a backward RM cell. separately, and determining the transmission rate of the data
| 18. 'The AT_M traffic COﬂ_tf‘?ﬂlﬂg m?t'hOd of claim 11, tratfic based on storing of the data cells and the arriving
including monitoring the arriving condition of the data for condition of the sound cells in the plurality of sound
the data connection, and selecting a cycle for which the data 10 connections.

ATM terminals change transmission rate when a backward
RM cell 1s not detected. £ % % k%
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